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Abstract. – OBJECTIVE: Umbilical mesenchy-
mal stem cells (UMSCs) is one of most popular re-
generative medical source of bone replacement
therapy in both clinical and scientific researches.
However, it is still low effective to induce the os-
teogenesis of hUMSCs. In this study, we aimed to
elucidate the roles of DNA methyltransferase 3B
(DNMT3B) in the osteogenesis of hUMSCs.

MATERIALS AND METHODS: Knockdown
DNMT3B in hUMSCs was gained via RNA inter-
ference technology. After confirming the de-
crease of DNMT3B in mutant hUMSCs by im-
munostaining and qPCR, osteogenesis differen-
tiation was carried out. To identify the phenotype
of osteogenesis in both bone formation ability
and function of bone, immunostaining, qPCR
and functional test was performed, compared to
wildtype hUMSCs.

RESULTS: Real-time Quantitative PCR (qPCR)
and immunostaining results indicated that lack-
ing of DNTM3B the osteogenesis related genes
were significantly downregulated. Meanwhile,
the functional test was also consistent with the
downregulated differentiation result.

CONCLUSIONS: The osteogenesis differentia-
tion of hUMSCs is impaired in the absence of
DNMT3B.
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Introduction

Autogenous bone and/or allogenic bone are
widely used in orthopedic and plastic surgery to
reform the bone construction. However, the
source of bone is far insufficient for these surg-
eries. Meanwhile, there are many problems such
as immune rejection when the allogenic bone is
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transplanted into patients, leading to the poor re-
covery result. With the development of regenera-
tive medicine, stem cells which are characteristic
to multipotent and self-renewal ability could be a
brilliant tool to solve these problems and make a
hugh progress for human public health1.
According to the reports in last ten years,

many sorts of stem cells were applied in human
disease, for example autogenous neural stem
cells in Alzheimer or Parkinson diseases (AD and
PD)2,3 and mesenchymal stem cells in autoim-
mune diseases or spinal cord injury. Based on the
similar theory, osteogenesis could also be
achieved by the targeting induction in vitro. This
potential idea may produce adequate trans-
plantable bone to support the surgery. Further-
more, the mechanism researches of osteogenesis
derived from stem cells could also be referred in
genetic disease which showed malformation of
bone or skull, such as fibrodysplasia ossificans
progressiva (FOP)4, cleidocranial dysplasia
(CCD)5, immunodeficiency, centromeric hete-
rochromatin instability, and facial anomalies
(ICF) syndrome6.
To enhance the differentiation efficiency of os-

teogenesis, human umbilical mesenchymal stem
cells (hUMSCs) showed many advantages in this
application compared to other stem cells7. Since
they were gained from medical discarded umbili-
cal cord, hUMSCs rarely have ethic problems.
Even more essentially, these cells demonstrate
less immunogenicity, but much stronger abilities
of differentiation and self-renewal potential.
However, it is still far insufficient for osteogen-

esis derived from hUMSCs, and the mechanism
behind this phenotype is also unclear. Recently,
many studies showed that DNA methylation was
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involved into cell activities, especially in cell fate
decision, cell proliferation and so on8. More par-
ticularly, DNA methyltransferase 3B (DNMT3B),
one of de novo DNA methyltransferases, might
play a critical role in mesoderm development and
osteogenesis9. Take the ICF syndrome for exam-
ple, the patients who contain mutant DNMT3B al-
leles appear facial abnormalities10, indicating that
DNMT3B regulates the osteogenesis via some un-
known mechanisms. In light of this finding, this
study aims to recapitulate the intrinsic mechanism
between DNMT3B and osteogenesis, and try to
improve the osteogenesis differentiation.

Materials and Methods

Cell Culture
The hUMSCs (human umbilical mesenchymal

stem cells) was purchased from Sciencell, San
Diego, CA, USA (Cat.7530). Cells at a number
of 1×106 were cultured in a T25 flask, supplied
with the medium containing Dulbecco’s Modi-
fied Eagle Medium (DMEM) (Invitrogen, Carls-
bad, CA, USA Cat.11965-092), 5% Fetal Bovine
Serum (FBS) (Gemini Bioproducts, Calabases,
CA, USA, Cat.100-106), 10 ng/ml Vascular En-
dothelial Growth Factor (VEGF) (R&D, Min-
neapolis, MN, USA, at.293-VE-010) and 10
ng/ml Epidermal Growth Factor (EGF) (R&D,
Minneapolis, MN, USA, at.236-EG-01M).
Change the medium every other day. After pas-
sage 1-2 times, identified the homogeneity of
these cells with surface specific markers, includ-
ing CD44 and CD90 by immunostaining.

Knockdown DNMT3B Expression in
hUMSCs
shRNA of DNMT3B plasmid (shD3B) was

designed according to the 3’UTR region of hu-
man DNM3B cDNA sequence. No similar ho-
mologous sequence was found via blast test of
human genome. The forward cDNA is 5’-
AACTGGAGCCACGACGTAACA-3’, and the
reverse cDNA is 5’-AACTGGAGCCACGACG-
TAACA-3’. This double-stranded DNA (dsDNA)
was annealed in annealing buffer containing 6
mM HEPES (pH 7.4), 20 mM KCl and 0.4 mM
Mg (OAC)2, at 90°C for 1 minute. And then incu-
bated at 37°C with backbone vector for 1 hour to
reform the dsDNA plasmid. Two monoclones
(termed as shD3B-1 and shD3B-2) were picked
up after transformation. To transfection with this
shD3B plasmid into hUMSCs, 27 µg shD3B-1

and shD3B-1 were gently added into 4.5ml Opti-
MEM®medium containing 45 µl Lipofectamine®

2000 reagent (Invitrogen, Carlsbad, CA, USA).
After incubating for 30 minutes, the mixture was
added into 5.5ml cell culture medium which con-
tained 5×105 hUMSCs cells. The transfection ef-
ficiency was checked at the fourth day by im-
munostaining or qPCR (quantitative polymerase
chain reaction).

Osteogenesis Differentiation
The osteogenesis medium was composed of

Dulbecco’s Modified Eagle Medium (DMEM)
(Invitrogen, Carlsbad, CA, USA, Cat.11965-
092), 15% fetal bovine serum (FBS, Gemini Bio-
products, Carlsbad, CA, USA Cat.100-106), non-
essential amino acid (NEAA, Invitrogen, Carls-
bad, CA, USA, Cat.11140-050), antibodic (Gib-
co, Grand Island, NY, USA, Cat.15070-063) and
10 ng/ml basic fibroblast growth factor (bFGF)
(Invitrogen, Carlsbad, CA, USA, Cat.13256-
029). The hUMSCs were induction in osteogene-
sis differentiation medium on coverslips for two
weeks, and the osteocalcin was detected by im-
munostaining. And then functional test would be
carried out to exam the differentiation abilities of
these osteoblasts. Alizarin Red Staining (ARS)
was used to identify calcium in osteoblasts.

Statistical Analysis
All data were present as mean ± SD (X ± S)

and analyzed with SPSS13.0 software (SPSS Inc,
Chicago, IL, USA). Comparison within the
groups and among the groups was analyzed by
ANOVA tests for multiple samples and t- and q-
tests. Statistical significance was defined as p <
0.05.

Results

hUMSCs Showed Lower DNMT3B
Expression with shRNA
Wild-type hUMSCs were cultured according to

the protocol. After one to two passages, these cells
showed homogenous morphology (Figure 1).
Immunostaining and qPCR tested the DN-

MT3B expression level after knockdown with
shRNA. The percentages of transfected cells
with both two shRNA plasmid (shD3B-1 and
shD3B-2) were about 95%. The qPCR demon-
strated that the DNMT3B expression in these
two lines were 12.67±0.45% and 35.60±0.76%
(p < 0.05) (Figure 2).
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Figure 1. The morphology of hUMSCs. Scale bar = 20 µm.

Figure 2. The expression level of DNTM3B after RNA in-
terference. *p < 0.05.

Figure 3. The CD44 and CD90 expression were showed by immunostaining. Scale bar = 10 µm.

Compared to the wildtype hUMSCs, both
shD3B-1 and shD3B-2 hUMSCs could normally
express the two specific marker CD44 and CD90
(Figure 3); however, the mRNA levels of these
two markers were significant lower than the nor-
mal one. For insane, the expression of CD44 in
shD3B-1 and shD3B-2 were 15.83 ± 0.44% and
16.60 ± 0.37% (p < 0.05), respectively; the ex-
pression of CD90 in shD3B-1 and shD3B-2 were
35.23 ± 0.30% and 58.64 ± 0.71% (p < 0.05)
(Figure 4).

Osteogenesis Derived from DNMT3B
knockdown hUMSCs
After two weeks induction, immunostaining

results showed all the mutant and wildtype hUM-
SCs could differentiate to Osteocalcin positive
osteoblasts. However, the signal of Osteocalcin
in either shD3B-1 or shD3B-2 were not as strong
as wildtype hUMSCs. Moreover, the mutant lines
showed smaller size of bone formation areas
(Figure 5).
More than the immunohistochemistry test,

three important genes which were involved into
osteoblast development were performed by
qPCR. The expression of RUNX2 (Runt-related
transcription factor 2), BSP (bone sialoprotein)
and ALPL (alkaline phosphatase gene) all
showed significant lower than wildtype hUMSCs
(Figure 6). Compared to the wildtype, RUNX2
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gene expressed only 55.09 ± 0.53% and 53.77 ±
0.47% in shD3B-1 and shD3B-2hUMSCs, re-
spectively. Same to IBSP (integrin-binding sialo-
protein) and ALPL, the reduced expression were
53.21 ± 0.81% and 41.75 ± 0.44%, 15.55 ±

0.10% and 17.86 ± 24% in shD3B-1 and shD3B-
2hUMSCs (all p < 0.05).
Alizarin Red Staining reflected the function of

differentiated osteoblast. Similar to the IHC and
qPCR results, the signal of Alizarin Red was ob-
viously stronger in wildtype than in the DN-
MT3B knockdown hUMSCs, indicated that not
only differentiation ability was weaker in absent
of DNMT3B, but also the function of bone for-
mation was declined (Figure 7).

Discussion

To investigate the osteogenesis mechanism of
the regulation by DNMT3B and DNA methyla-
tion, this study carried out RNA interfering meth-
ods to depress the endogenous DNMT3B expres-
sion in hUMSCs, followed by osteoblast differ-
entiation process. The differentiation results
showed that two independent DNMT3B knock-
down hUMSCs as well as wildtype hUMSCs
could be induced to osteoblast with expressing
specific marker Osteocalcin. However, the ability

Figure 4. The CD73 and CD90 expression were showed by qPCR. *p < 0.05.

Figure 5. The osteocalcin expression were showed by immunostaining. Scale bar = 500 µm.

Figure 6. The RUNX2, IBSP and ALPL expression were
showed by qPCR. *p < 0.05.
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of differentiation and the function of bone forma-
tion were significant declined in these two
knockdown lines. Then immunohistochemistry
and qPCR exams confirmed this result. All these
studies implied that lacking of DNMT3B could
cause the osteogenesis impair.
During the differentiation, the osteogenesis

gene are immediately upregulated when the cells
are exposed to the induction factors, including
EGF and bFGF. These findings indicate that gene
expression in the development of osteogenesis is
spatial and temporal regulated. For instance,
RUNX2 was detected earlier than other two genes.
It is one of the most sensitive gene in osteogene-
sis. But it starts to decrease at 12-24 hours later.
ALPL has an expression peak at the middle stage
of differentiation. It is about one week for ALPL
to be detected. And as other important functional
genes, Osteocalcin is predicted to have a much lat-
er expression peak at the second or third weeks af-
ter induction. According to the investigations in
this study, DNMT3B regulates the three gene ex-
pressions at variant stages. Furthermore, the regu-
lation target for DNMT3B in osteogenesis in
probably at hUMSCs stage, but not the middle or
late stage of differentiation. In addition, DNMT3B
is dominantly expressed at multipotent stem cells.
The function of gene silencing is getting decrease
when the cells loss their “stem” potential, com-
panied with downregulation of DNMT3B. Anoth-
er evidence is that declined CD73 and CD90 ex-
pression are detected in DNMT3B knockdown
lines during the differentiation. Moreover, it is
necessary to design another more detail temporal
investigation to explain the regulation mechanism
between DNMT3B and osteogenesis.

The DNA methylome is established and main-
tained by a family of DNA (cytosine-5) methyl-
transferases (Dnmts), including DNMT1, DN-
MT3A, and DNMT3B 11. DNMT1 is essential for
maintaining methylation patterns during DNA
replication, whereas DNMT3A and DNMT3B
are primarily responsible for de novo methylation
in embryonic and postnatal tissues12. DNA cyto-
sine methylation is involved in multiple develop-
mental mechanisms, such as gene regulation, ge-
nomic imprinting, and heterochromatin structure,
X-chromosome inactivation13. As to the regula-
tion of gene expression, DNA methylation could
be described as three major ways: first, DNA
methylation could block the transcriptional factor
bind to methylated CpG in the gene transcrip-
tional start area, leading the transcription initia-
tion failure; Second, with binding to the methyl-
CpG binding proteins (MBDs), DNA methyla-
tion could prevent the transcriptional factor to
bind the gene promoter; the last but not least, the
MBDs could promote the recruit of histone
deacetylase (HDACs) at the transcriptional start
site (TSS), causing the conformation alternation
of histone protein in chromosome14. All these
regulation pathways could be ascribed to the ac-
tivities of DNMT3B. The expression changes of
RUNX2, IBSP and ALPL which related to osteo-
genesis, may be due to lack of DNMT3B control.
Recent epigenetic studies have convinced that

DNA methylation is involved in osteogenesis
process. DNMT3B mutation mice is a good evi-
dence to recapitulate the relationship between
DNA methylation and osteogenesis develop-
ment15. Compared to wildtype mice, DNMT3B
mutant mice showed some interesting differences

Figure 7. The Function of osteogenesis was tested by Alizarin Red Staining.
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in the development of skull and skeleton. For ex-
ample, the lateral view revealed that the frontal
and parietal skull were round shaped, and the
nasal bone was significantly shorter; however,
the axial length of the calvarium of the mutant
mice was the same as that of the control mice. An
enlarged frontal fontanel was present in the mu-
tant, indicating that ossification was delayed at
the newborn stage.

Conclusions

To investigate more detail information about the
relationship between DNMT3B and osteogenesis
related genes, DNA methylation pattern of these
osteogenesis genes could be determined by bisul-
fite sequencing or other methods. Moreover, the
ChIP-chip16 or methylated DNA immunoprecipita-
tion assays (MeDIP-chip)17 are designed to reveal
the epigenetic modification and other mecha-
nisms. These additional works would help us
make a better understanding of how DNA methy-
lation regulates gene expression and osteogenesis.
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